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NUCLEIC ACID DIAGNOSTICS BASED>ONMASS SPECTROMETRY OR MASS SEPAR ATION AND BASE SPECIFIC 
FIELD OF THE INVENTION 

5 The present invention relates generally to a method for detecting a mutation in a nucleic acid 
molecule. The method of the present invention does not require prior knowledge of a reference 
or wild-type nucleotide sequence nor does it require a gel electrophoresis step. The method of 
the present invention is particularly useful in identifying mutations and polymorphisms in 
genomic DNA and more particularly in the human genome and to determine and/or confirm the 

10 nucleotide sequence of target nucleic acid molecules. The method of the present invention may 
also be automated. 



BACKGROUND OF THE INVENTION 



15 Bibliographic details of the publications referred to by author in this specification are collected 
at the end of the description. 



The increasing sophistication of recombinant DNA technology is greatly facilitating research and 
development in a range of biotechnological fields. A particularly important area is the generation 
20 of nucleotide mutants and the screening for and identification of such mutants. This in turn has 
implications, for example, in understanding the genetic basis behind certain disease conditions 
which is becoming of increasing relevance as the human genome is progressively sequenced. 



An efficient and accurate method of mutation detection is crucial in implicating disease candidate 
25 genes and in the screening programs which follow identification of disease causing mutations. 
Many human inherited and sporadic disorders are caused by small mutations including base 
substitutions, additions and deletions. Among these disorders are the Mendelian single gene 
disorders, sporadic somatic mutations causing cancers and complex genetic traits. Whilst some 
diseases are caused by a limited and well characterised set of mutations, most genetic diseases 
30 are caused by one or more of a large range of mutations occurring anywhere within the gene. 
It is important, therefore, that a mutation detection protocol be able to scan a region of DNA, 
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identify any change and describe the resulting nucleotide differences from wild-type. With the 
increasing use of population molecular genetics and as clinicians begin to use mutation analysis 
as a clinical tool, there is a need to develop mutation detection protocols which can be 
automated, are less dependant on user expertise and are more accurate and reliable. 

5 

Current mutation detection protocols require either a gel based detection system or sequence 
specific primers. Gel based detection methods include direct sequencing of amplified DNA 
fragments and various techniques involving either cleavage of mismatched bases in 
heteroduplexes or mobility differences of single or partially denatured DNA strands. 

10 

Detection of mutations by DNA sequencing can provide good results in relation to accuracy and 
information about the position and nature of the mutation (Hattori et al t 1993), however, 
although advances have been made in this area, the technique is not fully automated and is labour 
intensive. Most mutations occur as heterozygotes and there are technical difficulties with the 
15 ability of currently available computer software to identify two different nucleotide bases at a 
mutated residue. 

Many mutation detection techniques exploit differential electrophoretic mobilities of DNA 
fragments with sequence differences. Single strand conformation polymorphism (SSCP) exploits 

20 the fact that the secondary structure of a single strand of DNA is sequence based and, therefore, 
strands with even just one base difference will migrate at a different rate (Orita et al, 1989). This 
technique is again gel based and can lack sensitivity. Furthermore, the method cannot be readily 
automated and requires a large amount of labour due to the necessary gel step which in most 
cases must be optimised to the specific sample being analysed. They also do not give any 

25 information about the position or nature of the change and do not routinely identify all mutations. 

Mutation detection based on the identification of base pair mismatches in heteroduplex DNA 
strands is another method of identifying point changes. There are a number of techniques 
available that cleave DNA at mismatched base pairs in heteroduplex DNA. Mismatch cleavage 
30 protocols include chemical and enzymatic mismatch cleavage. The techniques are also gel based. 
The chemical cleavage method uses osmium tetroxide to cleave at the mismatched base (Cotton 
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et al, 1988) followed by separation of cleaved products on denaturing gels. A major 
disadvantage of the chemical cleavage protocol is the use of extremely toxic chemicals. 

Other methods for detection of known mutations include niinisequencing allele specific 
5 polymerase chain reaction (PCR), oligonucleotide probe arrays (Lipshutz et al, 1995) which 
requires knowledge of the sequence of wild-type and mutant. Although this technique is suitable 
for non-gel based detection methods, it is only useful for know mutations. Furthermore, the 
large number of oligonucleotides required to cover all known mutations in many genes makes 
this approach prohibitively expensive and labour intensive. 

10 

With the development of the matrix assisted laser desorption ionisation - time of flight mass 
spectrometer (MALDI-TOF MS), the ability to accurately determine the mass of biomolecules 
of a limited size has been achieved. Although detection of DNA fragments of up to 622 base 
pairs in length has been reported, large fragments cannot be accurately sized and a mass accuracy 
15 of ±3bp is quoted (Liu et al, 1995). This level of accuracy is clearly insufficient for the detection 
and characterisation of base substitutions. 



There is a need, therefore, to develop an effective and accurate means of detecting mutations in 
nucleic acid molecules. Preferably, the mutation detection system would be automatable. 

20 

In work leading up to the present invention the inventors developed a mutation detection system 
which exploits the accuracy of mass determination of MALDI-TOF MS and which is applicable 
for large DNA fragments. The method of the present invention do not require gel 
electrophoresis nor is prior knowledge of the nucleotide sequence necessary. The method of the 
25 present invention is also capable of being automated. 
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SUMMARY OF THE INVENTION 

Sequence Identity Numbers (SEQ ID NOs.) for the nucleotide and amino acid sequences referred 
to in the specification are defined following the bibliography. 

5 Throughout this specification and the claims which follow, unless the context requires otherwise, 
the word "comprise", or variations such as "comprises" or "comprising", will be understood to 
imply the inclusion of a stated integer or group of integers but not the exclusion of any other 
integer or group of integers. 

One aspect of the present invention contemplates a method of detecting a difference of one or 
more nucleotides between a nucleic acid molecule to be tested and a reference nucleic acid 
molecule, said method comprising subjecting the test nucleic acid molecule to base specific 
cleavage to generate oligonucleotide fragments, separating the resulting oligonucleotide 
15 fragments based on mass by MALDI-TOF MS and/or other equivalent procedure to produce a 
fingerprint of the oligonucleotide fragments comprising one or more peaks wherem a peak 
represents the mass of each fragment and identifying an altered peak relative to a reference 
nucleic acid molecule subjected to the same procedure wherein the presence of an altered peak 
is indicative of a difference of one or more nucleotides in said tested nucleic acid molecule. 

20 

Another aspect of the present invention provides a method of detecting a difference of one or 
more nucleotides between a nucleic acid molecule to be tested and a reference nucleic aad 
molecule, said method comprising amplifying said test nucleic acid molecule by polymerase chain 
reaction (PCR), subjecting the test amplified nucleic acid molecule to base specific cleavage to 
25 generate oligonucleotide fragments, separating the resulting oligonucleotide fragments based on 
mass by MALDI-TOF MS and/or other equivalent procedure to produce a fingerprint of the 
oligonucleotide fragments comprising one or more peaks wherein a peak represents the mass of 
each fragment and identifying an altered peak relative to a reference nucleic acid molecule 
subjected to the same procedure wherein the presence of an altered peak is indicative of a 
30 difference of one or more nucleotides in said tested nucleic acid molecule. 
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Yet another aspect of the present invention is directed to a method of detecting a difference of 
one or more nucleotides between a nucleic acid molecule to be tested and a reference nucleic 
acid molecule, said method comprising amplifying said test nucleic acid molecule by PCR, 
subjecting the test amplified nucleic acid molecule to base specific cleavage to generate 

5 oligonucleotide fragments of from about 2 to about 1000 bases, separating the resulting 
oligonucleotide fragments based on mass by MALDI-TOF MS and/or other equivalent procedure 
to produce a fingerprint of the oligonucleotide fragments comprising one or more peaks wherein 
a peak represents the mass of each fragment and identifying an altered peak relative to a 
reference nucleic acid molecule subjected to the same procedure wherein the presence of an 

10 altered peak is indicative of a difference of one or more nucleotides in said tested nucleic acid 
molecule. 

Still yet another aspect of the present invention relates to a method of detecting a difference of 
one or more nucleotides between a nucleic acid molecule to be tested and a reference nucleic 
15 acid molecule, said method comprising amplifying said test nucleic acid molecule and 
incorporating uracil residues, subjecting the test amplified nucleic acid molecule to uracil specific 
cleavage mediated by a uracil-N-glycosylase to generate oligonucleotide fragments of from about 
2 to about 1000 bases, separating the resulting oligonucleotide fragments based on mass by 
MALDI-TOF MS and/or other equivalent procedure to produce a fingerprint of the 
20 oligonucleotide fragments comprising one or more peaks wherein a peak represents the mass of 
each fragment and identifying an altered peak relative to a reference nucleic acid molecule 
subjected to the same procedure wherein the presence of an altered peak is indicative of a 
difference of one or more nucleotides in said tested nucleic acid molecule. 

25 Another aspect of the present invention contemplates a computer programme capable of 
controlling a method of detecting a difference of one or more nucleotides between a nucleic acid 
molecule to be tested and a reference nucleic acid molecule, said method comprising subjecting 
the test nucleic acid molecule to base specific cleavage to generate oligonucleotide fragments, 
separating the resulting oligonucleotide fragments based on mass by MALDI-TOF MS and/or 
30 other equivalent procedure to produce a fingerprint of the oligonucleotide fragments comprising 
one or more peaks wherein a peak represents the mass of each fragment and identifying an 
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altered peak relative to a reference nucleic acid molecule subjected to the same procedure 
wherein the presence of an altered peak is indicative of a difference of one or more nucleotides 
in said tested nucleic acid molecule. 

5 Yet another aspect of the present invention is directed to an apparatus capable of detecting a 
difference of one or more nucleotides between a nucleic acid molecule to be tested and a 
reference nucleic acid molecule, said apparatus comprising means of subjecting the test nucleic 
acid molecule to base specific cleavage to generate oligonucleotide fragments, separating the 
resulting oligonucleotide fragments based on mass by MALDI-TOF MS and/or other equivalent 

10 procedure to produce a fingerprint of the oligonucleotide fragments comprising one or more 
peaks wherein a peak represents the mass of each fragment and identifying an altered peak 
relative to a reference nucleic acid molecule subjected to the same procedure wherein the 
presence of an altered peak is indicative of a difference of one or more nucleotides in said tested 
nucleic acid molecule. 

15 

StiU another aspect of the present invention provides a method of detecting a difference of one 
or more nucleotides between a nucleic acid molecule to be tested and a reference nucleic acid 
molecule, said method comprising subjecting the test nucleic acid molecule to base specific 
cleavage to generate oligonucleotide fragments, separating the resulting oligonucleotide 
20 fragments based on mass by MALDI-TOF MS and/or other equivalent procedure and subjecting 
said separated fragments to further separation means, such as post source decay (PSD) or other 
similar technique, to separate fragmentation products to generate a spectrum dependent on 
nucleotide sequence and then identifying an altered peak relative to a reference nucleic acid 
molecule subjected to the same procedure wherein the presence of an altered peak is indicative 
25 of a difference of one or more nucleotides in said tested nucleic acid molecule. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a graphical representation showing mass spectrogram of cleavage products of two 
oligonucleotides, 1 and 2, which differ at two nucleotides, one produces a fragment with a 
5 different nucleotide composition and the other introducing a new cleavage site. The two line 
thicknesses represent the overlaid tracings of the two different oligonucleotides. 1636.3 
representsathickliner^andSl^representsathinlinepeak. 1811.1 is a thin line peak and 
1828.2 is a thick line peak. Kratos Kompact MALDI 4v51.2; % int. 100% = 24mV (thin); 
81mV(thick). 

10 

Figure 2 is a graphical representation showing mass spectrogram of reacted, separated products 
of normal TUB which represents a homozygote. Mode: linear; Accelerating Voltage: 20,000; 
Grid Voltage: 92.000%; Guide Wire Voltage 0-100%; Delay 1250N; Laser:1800; Scans 
Averaged: 128; Pressure: 9.94e-07; Low Mass Gate: 900.0; Negative Ions: ON. 

15 

Figure 3 is graphical representation showing mass spectrogram of reacted, separated products 
of bothTUB-M and TUB which represents a heterozygote. Mode: linear; Accelerating Voltage: 
20,000; Grid Voltage: 92.000%; Guide Wire Voltage 0-100%; Delay 1250N; Laser: 1800; Scans 
Averaged: 128; Pressure: 1.89e-06; Low Mass Gate 900.0; Negative Ions: ON. 

20 

Figure 4 is a representation of the nucleotide sequence of IL-12 untranslated region PCR 
product used in Example 13. Primers are shown in bold. Expected cleavage products >2bp are 
underlined. The polymorphism is at position 97 and is indicated by asterisk. The polymorphism 
is a C to T change which results in a change of the cleavage products at that position from CGA 
25 to AGA in the forward strand and CAAGC to CAA in the reverse stand. The presence of C at 
position 97 results in a TaqI site and this allele is called "+", the other allele is respectively 

Figure 5A is a photographic repres entation of a TaqI restriction digest of IL-12 PCR products 
from +/- individuals (lanes 1, 4 and 5), a +/+ individual (lane 3) and a -/- individual (lane 2). The 
30 124 bp fragment is cleaved by TaqI (where possible) to produce 97 and 27 bp fragments. 
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Figure SB is a graphical representation showing linear MALDI-TOF spectra of cleavage 
products. The spectra on the left show a mass range of 1000 to 3500 and those on the nght are 
the same spectra but show in detail the mass range from 1000 to 1700. Spectra i a and b are 
fr oma^individualspectra«aandbarefroma + / + individual and spectra «/ a and b are from 
5 a +/- individual. Observed masses are indicated above peaks. Arrows show the peaks that 
change between the two alleles. 

Figure 6 is a graphical representation of the mass spectrum analysed using post source decay 
(PSD) on a MALDI-TOF instrument. Spectrum A is a 6mer of sequence CATCCT [SEQ ID 
10 NO-16] and spectrumB a 6mer of sequence CACCTT [SEQ ID NO:17]. Both have parent ion 
mass of 1727.2Da. Observed masses are shown above the peaks. PSD fragments are shown at 
an intensity magnification of five. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Tb. prese* — is predicated in par. on a base specific cleavage reaction to generate a set 
of smaU oligonudeotides bounded by the base deaved. Tne nucleic acid molecufc , may be 
5 con^elyorc^ypartiailydeavedordiges^d. Tnese fragments are then separated based on 
mass by MALDI-TOF MS . This generates a fingerprint of the nucleic acid fragment comprising 
a series of peats where each peak represents Ore mass of each small cleavage product As a 
resuk of the sensitivity of mass determine, each oligonucleotide of given length bu, drfferen, 
uudeotide composition produces a different mass. The mass o, each peak, therefore, 
10 corresponds to the nucleotide composiuon of the fragment as well as to 

Consequently, any nucleotide substitution results in either a shifted peak due to the mass 
.Uftoce in the new cleavage fragrant or, if ft. notation changes the targeted base, a cleavage 
product containing a different number of bases. 

, 5 According*, one aspect of the present invention contemplates a method of detecting a difference 
^orn^nudeotitebetweenanudeic acid molecule lo be «sud and a reference nucletc 
^ mdecule, said method comprising subjecting the test nucleic acid molecule ,0 base spectfic 
cleavage to generate oligonucleotide fragn*nts, separating the resulting oligonudeoude 
foments based on mass by MALDI-TOF MS and/or other equivalent procedure to produce a 
20 fingerprint of the oligonucleotide fragments comprising one o, more peaks where* a peak 
represents the mass of each fragment and identifying an altered peak relative to a reference 
nucleic acid molecule subjected to the same procedure wherein the presence of an altered peak 
is indicative of adifference of one or more nucleotides in said tested nucleic acid molecule. 

25 Convemently, screening is carried out by comparing the deavage product masses of the reference 
or wild-type nucleic acid to those of the test sample. Mass changes corresponding to base 

changes are readily observed. 

Accurate mass determination of these smaU fragments is possible aHowing unambiguous 
30 ass^nationofbasecompositionofeachoUgonucieotide. This knowledge aUows deduction of 
me nature of the mutation and, after specific cleavage a. different bases tutd integration of the 
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data, the position of the mutation. 

The method of the present invention is applicable to any nucleic acid molecule such as but no, 
United .0 DNA, genomic DNA. cDNA, plasmid DNA. sa<ali<e DNA, mRNA and other RNA 
5 molecules as »ell as DNA : DNA, DNA:RNA and RNA : RNA hybrids. The present invention ,s 
particularly appUcable to nucleic acid molecules amplified by, for example, polymerase chatn 
reaction (PCR). 

According to this aspect of the present invention, there is provided a method of detecting a 
10 difference of one or more nucleotides between a nucleic acid molecule to be tested and a 
reference nucleic acid molecule, said method comprising amplifying said test nucle.c acid 
molecule by polymerase chain reaction (PCR), subjecting the test amplified nucleic acid molecule 
to base specific cleavage to generate oligonucleotide fragments, separating the resulting 
oligonucleotide fragments based on mass by MALDI-TOF MS and/or other equivalent procedure 
15 to produce a fingerprint of the oligonucleotide fragments comprising one or more peaks wherein 
a peak represents the mass of each fragment and identifying an altered peak relative to a 
reference nucleic acid molecule subjected to the same procedure wherein the presence of an 
altered peak is indicative of a difference of one or more nucleotides in said tested nucleic acid 
molecule. 

20 

A particularly preferred requirement is that the source of nucleic acid is cleavable to 
oligonucleotide fragments of from 2 bases to 1000 bases, preferably of from 3 bases to 500 
bases, more preferably of from 4 bases to 100 bases and even more preferably of from 4 bases 
to 50 bases. Oligonucleotide fragments of form 4 bases to 40 bases are of particular usefulness 
25 in practising the present invention. 

Accordingly, the present invention is directed to a method of detecting a difference of one or 
more nucleotides between a nucleic acid molecule to be tested and a reference nucleic acid 
molecule, said method comprising amplifying said test nucleic acid molecule by PCR, subjecting 
30 the test amplified nucleic acid molecule to base specific cleavage to generate oligonucleotide 
fragments of from about 2 to about 1000 bases, separating the resulting oligonucleotide 
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Jgerprint of Che oligonucleotide fragments comprising one or more peaks wherem ape* 
reprels the mass o, each fragment and « an — ^ relafve » — - 
acid molecule subjected to the same procedure wherein the presence of an 
S is indicative of a differ of one or more nucleotides in said tested nude, actd molecule. 

„ pearly preferred dne .o their specify. One nseM enzyme is urac.l-N-glycosy.ase 
Thich cleaves DNA a. uracil .esidues incorporated, for exampie, during a PCR. However, a 
10 range of enzymes may be employed. 

acid molecule, said method comprising amplifying said test nucleic acid moiecuie and 
, 5 ircorporattag uracil residues. subjecting the test ampiiiied nucleic acid molecule to uranl specfic 

2 to about .000 bases, separating the resuming oligonucleotide fragments based on mtts by 
MALDI-TOF MS and/or other equivalen. procedure to produce a fmgerpnn. of the 
digonudeotide nagmen* comprising one or more peaks wherein a peak represents the mass of 
,0 each fragment and identifying - altered peak reiative to a reference nudeic aod molecule 
subjected to the same procedure wherein the presence o, an aitered peak rs mdtcaUve of a 
difference of one or more nucleotides in said tested nucleic acid molecule. 

The method of the present invention is predicated in pan on the fact tha, any oligonucleotide 
25 fragment differing in nucleotide composition between mount and wild-type (or reference) 
sequences will be detected. The method has advantages over previously employed techmques 
and such advantages include the absence of a gel electrophoresis step thereby reducng tune 
expertise and need for separation equipma. -° *° " «**»-*- « «* "* 
as osmium tettoxide. Whilst the present invention extends to the use of such chemicals in base 
30 specific cleavage reactions, it is preferred to use an enzymatic reaction to cleavage the targe, 
nucleic acid molecule. 
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The method of .he presen, i— is particular* useful in Ce K cu„ g previous* unknown 

alleles It also has applications in polymorphism analysis ol popu 
5 — --^-^^-- , - C - , • V,,,, -" 

protozoa. 

The method may be carried out simultaneously or sequentially with an analysis of a reference to 
-a-** Boththe.es, andreferencenucleicacidmoleculescan 
,0 amatively, the wild-type nucleic acid molecuie may already have been ana^d 

«„, 10s —on may he stored elecronically and upon compleuon of the analyst 

manually, electronically or by a computer assisted means. 
, 5 The mahod of the present invention ma, also be used to determine the nucleotide sequence o, 

a nucleic acid molecule. 

The nuclide sequence may be completely determine* or a partia, sequence obtaine. > for 
for selected nucleotides. The method o, the present invention, therefore, pernuu *. 
20 redetermination o, a nudeotide sequence which wU, be invaluabie. for example, - the 
efficient analysis of mutations. 

The rrethod of the present invention ma, be semi or fuUy automated and the present invention 
extends to apparatuses for au.oma,ing the mutation detection assay. The apparatus may also be 
25 elecrroracauycon^ouedbya^^^^ 

process. 

Accordingly, another aspect of the present invention contemplates a computer programme 
capabie of cording a method of detecting a difference of one or more nudeottdes between 
30 nucleic acid ™«ec^ to be u^ed ar«l a referee nuc«c acid molecuie. said memod cornpnstng 
subject the tes, nucleic acid molecule to base specific cleavage to genera* ohgonucleot.de 
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ara tin e the resulting oligonucleotide fragments based on mass by MALDI-TOF 

ident.fymg an altered peak relau f a ^ ference of oneor more 

5 procedure wherein the presence of an altered peak is nunc 
nucleotides in said tested nucleic acid molecule. 

nucleic acid molecule. 

In a panicky prefer - — d - appararus of «* presen, — * 

cIL all — n. T* ions are directed into an Cectric field ofopposue JJ*-» - 

" I ! decay is depended on the nucieotide sequence of an on g onuc,eotide ra*er *an the 
25 !H colposl. avoids nosing — in an oiigonuOeotide havmg *. ~ 
nlotide condition - ■ AW, ° U8h 15 H 

fragmentation prodncts. General, these techniques are base4 on mas, ~ 

30 Accord, another aspect o, 0. present — provides a me-tod o, detect a difference 
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5 said ^ — . - — : r— i* - 

nudeotide sconce and a- iden.ify.ng - ^ ^ is „ 

subjected to -he same procedure where* the presence 
of a difference of one or more nucleotides in said tested nucietc acrd moiecuie. 

10 Th e MAUH-TOF MS anaiys,s and further separation means may he done se,en,ia„y or 

simultaneously. 

to separate fragmentation products. 

15 The present invention is p— y use*, - identify,, — * 

he.Iygo.es. Mutations are detectabie on hoth strains or on one strand oniy. 

a„ered peak is indicative of a difference o, one or more nucieottdes . sard teste* 

molecule. 

Preferah,,, the separa.d fragments are subjected to further separauon means such as but no, 

30 limited to PSD. 
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The present invention 
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is further described by the following non-limiting Examples. 
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EXAMPLE 1 
OLIGONUCLEOTIDES 



Two test 22mers 



oligonucleotides with two bases different were used in this study 



CCT CAT UTT TTU TTG TAA GAG G [SEQ ID NO:l] 
CCT CGT UTT TTU TTG TUA GAG G [SEQ ID NO:2] 



The different bases are shown in bold 

10 



For the detection of point mutations (see Example 7), the Mowing oligonucleotides are used: 



^TOACCrGAACCACCrCGTGCGTCCAOCCOTrCGTCKSCTOTCCAGTCCOC 
15 GAAC TCT GAC CTG CGC AAG [SEQ ID NO:3] 

GOT GAC CTG AAC CAC CTC GTG CGT CCA GCC GTT CGA GGC TGT CGA GTC 

CGCGAA CTC TGA CCT GCG CAA G [SEQ ID NO:41 

TUB-F: 

20 GOT GAC CTG AAC CAC CTC GT [SEQ ID NO:5] 
TUB-R: 

CTT GCG CAG GTC AGA GTT [SEQ ID NO:6] 

TUB andTUB-M are us* as tempfcoe DNA and differ a, three residues, bolded above, which 
25 con^risemopointn.ta.ior.ax.ione^ion^racketeda.dbolded,. TUB-F and TUB-R are 
the "reverse" and -forwaxd- primers used to amplify either TUB or TUB-M in a permease 
chain reaction. 



30 
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EXAMPLE 2 
CLEAVAGE REACTION 



.carried out using 100 pmol of oligonucleotide, 0.5 units uracil -N- 

5 ^coslyase U«-^ ^ ^ ^ ^ ^ „ ^ 

in a 250//1 reaction. The reaction mixiu ^ 
cleavageoftheN-g^^^ 

degradationofthephosphatebondsatthebasicte, The roixture was 
exchange resin to remove buffer salts and other impurities. 

l ° EXAMPLE 3 

SAMPLE PURIFICATION 

Q iagenAmon E xch^^ 

15 free, ^-^«-^^7^-^Cr^ b a — 

*~rature^^^ 

centrifuge and the supernatant discarded. The beads * ^ h 

« MNHHCO pH84(sodiumfree)withincubationandcenmfugauonbe 
of 5mM NH 4 HC0 3 pH ^ usmg wo 40m i 

The supernatant was discarded each tune. The DN A fragme tion „ before 

f o NH.HCO, P H 8.0 (sodium free), with incubation and centnfugauon 
20 volurresof0.5MNH.HCO p < ^ was to evaporated to dryness on a 

but with the supemaunt being* ^ J^^^^^^^^u, 
Savant Speedivac and resuspended twice in 20 M watef ^ 

removeanyresidualNH^- The final product was resuspended m 5* 
final concentration being approximately 20pmoM. 



25 

EXAMPLE 4 



THE POLYMERASE CHAIN REACTIONS AND DNA 
URACIL GLYCOSYLASE REACTION 

dUTP, 0.5U Taq Gold (Perkin Elmer), 1 .5 mM each TUB-F and TUB 
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™m TUBMoramixofboth. PCR assays were incubated at 95°C for 15 

24fs T r 

minutes then cycled at 95 C 15 secona, reactions. Uracil DN A 

glycosylase (Perkin Elmer) was added at a rauo of 1U per 10 PCR 
5 digestion was confirmed by agarose gel electrophoresis. 

EXAMPLE 5 
PURIFICATION OF DIGESTED PCR PRODUCTS 

*aa tn ,rf! aauaDore RP300 column equilibrated with 

10 EachDNAgiycosyl^^ 

0.1M TEAA, the column washed with 0.1M ^ ^ Column eluates were desiccated on a 
0.1MTEAA in 60 % v,v CH 3 CN. Peaks were co«^«- ^ 
* v»nt Sneedivac evaporative centrifuge, resuspended in water to g 
Savant Speedivac, ev po spectr0 metric samples were prepared 

redessicated. PeUets were resuspended in 5 ml H 2 0. Massspe 

15 as described in Example 6. 

EXAMPLE 6 
MASS ANALYSIS 

~r TSma/ml in 1 • 1 acetonitrile and water 
weekly. Cation exchange beads (Bio-Rad, 50W-X4, mesn 

25 exchange resin we* .nixed on .he slide and allowed .o dry. The beads were ft 
nilrogengas. Samples were .hen analysed immediately. 

XrOFn^hine. U«ar negadve mode was nsed for aU spe«ra. My sho* were ^ * 
MALUi , . f„rth«»r SO shots were fired at the sweet spot to 

30 power setting 70 to find a sweet spot and then a further 50 shots w 

obtain the spectrum. 
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EXAMPLE 7 
SIMULATION 



b order to assess the ability of this technique » detect • » — 

5 ^ Twodifferents.imu.atio K ^conducted. one to.n^.s a n.^onoccumng n 
a haloid genome and the other modelling a mutation occurring i. a dip,oid genome o„ 
background of a wildtype sequence. 

fc order ,o optimise the detection o, mutations, four separate base specific cleavage reacttons 
10 have been performed using separated forward and reverse strands and two different base spec-fic 
.agenrs.inU.iscase.thvmidineandcy.osine. A random library of exonic sequences has been 
traced from Gcr^. Tn* conges 10MIOO » of coding seouence concatenated tnto one 
fife sequencestrtagsofincremenuiiengmareremovedfromthisme. Afingerpnn, oreach 
^ is generated. This is cafculated by germing the seta of post cleavage fragment, for each 
„ base-specific reagent and sorting the non-redundant fragments. Mutan, se.ue.~s are ere** 

fingerprint of each mutant is generaed and compared to the wi.d-.ype ftngerpnnts. If the 
fingerprints are different, it is recorded as a successful detection and the ne« mutant eianuned. 

20 ^erev.rsestrandis^andsoonuntU^reverses^dofthesec.ndreagentfau, Thts 
me power of the technique by using all four base specific reagents on born strands. 



25 



EXAMPLE 8 
DETECTION OF BASE MUTATIONS 



O^t^^- — *«'^«"«""- 4l " , *~ 1. These show the cleavage 
products of two oligonucleotides 1 and 2 [SEQ ID NO:! and SEQ ID NO:2, respec*ve,y,, 
which differ a. two nucleotides, one producing a fragment with a different nucleot,de 
30 composition and the odrer introducing a new cleavage site. Tne new fragment, resulting from 
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^ 1 b,,nd ly assign base common peaks from a sample of — sequence, 
is not sufficient to blindly assign i- „.,,:„„< can be uniquely specified up 

» the 14mer level if one base has a known composuion Oe £1 ^ « 
«, T-01 with a measurement of mass to ™tlun ±0.01%. This is pre 

5 o?: I - - - ~ - — — - * 

1993). 

»«, ie therefore able to differentiate between two 

,,-fWntiate between two sequences differing at one base (Table 1). wner 

differentiate oeiwccn iwv M residue in the case 

..residue involved 0. The 

.===—====== 

copy. These aaiaar F Th^fore the last column, which is where the 

20 strands and two base specific cleavage reactions. Therefore, the last 

.. C " reaction was unaUe to pi* the mutation on the complementary strand represents the 
failure rate" of the technique under these conditions. 
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EXAMPLE 9 
DETECTION OF POINT MUTATIONS 



The method ofthe present invention has been employed on PGR products and is able to detect 

r eaction as discusse4 below. The PCR templates used, TUB and TUB 
30 Example 1 and have three differences, two of which ate point mutations and ft. third is .m 
on. .nof^differer.esarevisiblemthemass^^CP.gures.and 
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5 both strands or on one strand only. 
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TABLE 1 



oligol .cleavage products 
CCTCAT 1 



TTTT 

TTGTAAGAGG 2 



calc. mass 
1810.2 
1318.8 
3190.0 



obs.mass 
1811.1 
1318.4 
3190.9 



oligo2:cleavage products 
CCTCGT 3 
TTTT 
TTGT 
AGAGG 4 



a 
b 
c 
d 



1826.2 
1318.8 
1343.8 
1635.0 



1828.2 
1318.4 
1343.5 
1636.3 



SEQIDNO.18 
SEQIDNO.19 
SEQ ID NO:20 
SEQIDNO:21 



WO 98/54571 



-23- 



PCT/AU98/00396 



SoooooqqqoqqN 
ooooooooedodooooooo- 



5^- t> *a 



— CS 00 



cm <*n oo £ Q g 



* 1 8 

#£3 



ooddoddddddoooooooon 



| b 1§ 



O <N 



s 



13293513553553553-^ 




h1§ 



K g x> oo © - c4 **i «r *n J£ 2 £ S2 2 2 8 S 




WO 98/54571 



-24- 



PCT/AU98/00396 



— . rf\ *t w*» f~ 00 




Hi 

IpIS 



i 



1 



Z o 




s2 



t xo cn ro r{ oo 
JX \o — *n 

so no 



--§ 

«n so 

*^ £ £ 
r*» r* oo 



oo in q SS 2 2 £ 







tOOQOOQggOOOOgOOgg? 
Ml88illiS8li8858&S8*8*«a 



is 



ssss§§ 



WO 98/54571 



-25- 



PCT/AU98/00396 



TABLE 4 



EXPECTED TUB FRAGMENTS 
GGC 
CCAC 

CCACA[SEQIDNO:22] 



CCAG 
GGAC 

CCAGCCG [SEQ ID NO:23] 



G CGCAAG [SEQ ID NO:241 

GCGCAAGA [SEQ ID NO:25] 

C CGCGAAC [SEQ ID NO:26] 
GGAGCACGCAGG [SEQ ID NO:7] 
mnr a AGC ACCG ACAGG [SEQ ID NO:8] 



1045.6 

1198.8 

1512* 

1318.8 

1358.8 

2226.4 



GGTGACCTG AACCACCTCGTGCG [SEQ ID NO:9] 
CAGGCGCTTGAGACTGGACGCGT [ SEQ ID NO:^ 
EXPECTED TU B-M FRAGMENTS 
CCAC 
CGAG 
GGAC 



CGAGGC [SEQ 
CCAGCCG [SEQ 



2210.4 

2523.6* 

2539.6 

3880.4 

5374.4 

5888.8 

6258 

1198.8 



FRAGMENTS NOT SEEN 



PRIMER 
PRIMER 

END 



GCGCAAG [SEQ 
CGACAGCC [SEQ 
CCGCGAAC [SEQ 



CGAACGGC [SEQ 



GGAGCACGCAGG 




GG TGACCTGAACCACCTCGTGCG 
CAGGC GCTTGAGACTGGACGCGT [SEQ 

Fragments obtained due to the 



terminal transferase activity of Taq polymerase which 



results in the addition of a dATP at the 3 < end of the PGR product. 
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EXAMPLE 10 
MODIFICATION DETECTION PROTOCOL 

cleavage reactions to be conducted in alkali at high temperature. 

EXAMPLE 11 
IDENTIFICATION OF MUTATION POSITION 

T^o^eSen^^ 

u f a a T reaction as uracil is replacing thymidine in the PCR product. 

« - - - - - * - — - - — - ,o sve 

information about the position of the mutation. 

EXAMPLE 12 
DETERMINATION OF NUCLEOTIDE SEQUENCE 

fragment. The method employed is substantially as described in Examples. 

EXAMPLE 13 

DETECTION OF PREVIOUSLY UNKNOWN MUTATIONS 

■L-Usene. This prcviousiy unrcported se,u«Ke results in aTaql RFLP and, 

: followed by enzymatic digestion of PCR products. 



can be i 
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Methods 

™* DNA torn human volunteers of each possible genotype of the IL- 
Template *T ^^^.^^.^where + is the presence of the Taq restriction site). PCRs 
UP*-*"— <** h *-- d \ plates in a Corbett Thennocycler with the 

„ ere carried out in 20ul reacuons . 25mM MgClj 2.5mM dATP, 

foUo „i„ g reaction mixture: SOmM KC1. lOmM Tns-HCl pH 8.3. 25mM , 

£L Blmer, «*M primers (Bresatec, A** an inula, 15mm 

pootod for -he homozygous and 9 for the heterozygote. 1 «• of Amp 

T ,ase (Perkin Elmer) was added to each pool and the reaction mcubated a. 50 C for 

gl ycosylase exKndofcom ple,ion of the cleavage reaction was 

tour.foUowedbyBOnnnutesa. 10, C. The«e P „ y 

nK.nUoredbytheabsenceofabandonanagarosegel. Thecleavag 

„. absence of a band on an agarose ge!. The cleavage products were punftrf u*ng 

phaseH^ona^lr^uapore^ 

„as 0.5ml/min and absorbance was momtored a. 254nm. The sample 

^ethyiaminoacetate (TEAA) and eluted in 0,M TEAA/60% w/v — ~ 

wU , Lorbance a, 254nm was collected and evaporated to dryness ustng a 

j j .„ water o 5ul of this was mixed with 0.5^1 3-hydroxy P ic 
then resuspended in 1^1 water, u.-jju minRad 50W- 

•. i „„j n sni NH + ion-exchange beads (moKaa, ju« 
f saturated solution in 50% w/v acetomtnle and 0.5ulNH 4 ion excn g 
(saturated soiuuo spectr0 meter used to characterise the 

ya mesh size l00-200um) on a sample slide. The mass spem 

a Kratos Kompact MALDI4 TOF mass spectrometer w«h 377nm laser and a cu 
re^posL^de. Ma^san^prepa^onasabove. A«er scanning m ..near 

at^Da. 200prof*sa,5shotsperprome were averaged. Spectra were corrected for 

curved field. 
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by digging PCR products with TaqI unction enzyme (Gibco-BRL) and anting .he 
pro duc,s by agarose electrophoresis. DN A bands were stained with ethidium bronude. 

A computer simulation of the merhod has teen written and .OOkb of random ceding sequence 
f ro m Genbank has been fed into i, The program takes discrete-^ bites of sequence from 

variant of the original sequence by removing ft. Oeaved base icving the residual short strung, 
The mass spectrometry was modeUed, fragments of different nucieotide composition betng 
distinguishabie and those of identical composition being indistinguishable. As quantitation . 
difficult on the MALDI, changes in peak height was no, used as an indication of a change . 
underiyutg sequence. The program then compares "spectra- and tallies the number of mutations 
tha, were missed. The program can model the detection of a mutation in the presence of a w„d- 
type sequence (heterozygote) or can model the differences between two homozygous. In the 
fet case a mutation can only be detected by the presence of a new peak and in the latter case 
as well as the presence of a new peak, the disappearance of a peak can also signal a change. Al 
four base specific deavage rations were used and rations were performed on separated 
srrands giving a totai of 8 reactions per PCR product. Also the mode! has been refined to take 
account of the ability of post source decay (PSD) to identify changes in peaks contanung a 
complex mix of oligonucleotides. In this case fragments of different sequence are 
distinguishable. 



Results 



A PGR assay was designed to incorporate the mutated region and then subjected to uracil -N 
glycosylase treatment. The products were purified and analysed by MALDI-TOF mass 
spectrometry. The sequence of the PCR primers and product along with the mutation are shown 
in Figure 4. The C to T change gives rise to a Taq RFLP and this can be seen in homozygote 
and heterozygote state in Hgure 5. The spectra generated by the MALDI-TOF can also be seen 
in Figure 5. The expected and observed masses of the cleavage products from the two alleles 
are given in Table 5. The position of the mutation and deduction of the changed base is evident 



from study of this Table. 
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from the MALDI. ^^^^J^L. Usdisapp— «' 
go undetected. Similarly, the appears of a new fragmert „ 

rechnique, therefore, is not as advantageous for longer fragmen 

MALDI-TOF machine. Post source decay (PSD) uses the 

i0 , during their High, to the detector as this ^ ^ mi 

reach the detector first, as me j ,: m ;t»tinn is bvpassed, 

oligonuc^e^notthenucle^ 

generating a method of mutation detecdon that is now extreme* sensmve. 

t. o, MALDI-TOF analysis with PSD is demonstrated in Figure 6 where two 
The utility of MALDI tur an y MALDI-TOF using PSD. 

, feasi* using moiecurar dissociauon metlrcds and. therefore, the subject method 
into an accurate resequencing protocol. 

■ , ,™„fdattfromtretoseparationofclea^ 

Using Genbank data, me the comparable figure is 

comparing two homozygotes over a 250bp PCR d-« - *». «*<^ 
,5% when a hon^ote is compared to a he—. " <"^D T*e MALDI-TOF 
ravage is analysed using a secondary dissoctauon * WD on 

machine, men sensidvi* of mutaUon detecdon improves dramahcal! y^ " 

9,% of all substitudons wiU be detected for a homozygote to heterozyg 
99.8% when two homozygous are compared. 
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ate that the invention described herein is susceptible to 
Those sfcmed in the art will ^ M . It is to be understood that 

variatto.andn^^^ 

^ invention includes all such variauons and m^ - ^ ^ 

individuaUy or collectively, and any and 



